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EXECUTIVE SUMMARY

U.S. Department of Energy (DOE) Order 458.1 establishes a radiation protection standard for members of
the public. This standard requires that exposure of members of the public to radiation sources as a
consequence of all routine DOE activities shall not cause, within a calendar year, a total effective dose
(TED) greater than 100 millirem (mrem). Monitoring of several media is conducted at select locations
near the Paducah Gaseous Diffusion Plant (PGDP), in accordance with CP2-ES-0006, Environmental
Monitoring Plan Fiscal Year 2016, Paducah Gaseous Diffusion Plant, Paducah, Kentucky, (EMP) to
confirm that this DOE standard is met.

Program requirements for the annual external gamma radiation monitoring are outlined in the EMP. This
program provides for the measurement of deep dose from gamma and neutron radiation. Effective dose is
the sum of deep dose from gamma radiation and deep dose from neutron radiation.

Results for external gamma and neutron radiation monitoring conducted in calendar year (CY) 2016 are
summarized in this report. External gamma and neutron radiation monitoring consisted of quarterly
placement, collection, and analysis of environmental thermoluminescence dosimeters (TLDs) and
Optically Stimulated Luminescence (OSL) dosimeters . This information will be used to calculate TED,
which will be presented in the CY 2016 Annual Site Environmental Report.

Monitoring results for CY 2016 indicate that 14 locations out of 51 were above the annualized
background levels. These 14 locations were consistently the areas with the highest measured exposures
throughout the monitoring period. These locations were adjacent to or in close proximity to the PGDP
security fence in the vicinity of uranium hexafluoride storage cylinders. Because security protocols
prohibited the public from gaining prolonged access to the PGDP boundary fence in CY 2016, the
potential radiation doses calculated at or in close proximity to the fence are not realistic. For CY 2016,
TLD-14, which is near Harmony Cemetery, located north of the plant security fence and south of Ogden
Landing Road, represents the nearest location routinely accessible by the public. Measurements at this
location indicated external radiation levels were at or below naturally occurring background radiation. In
addition, the radiation exposure for the maximally exposed individual, a member of the public at the
nearest local residence, was found to be equivalent to naturally occurring background.

Based on the results of measurements in areas accessible to the public or near the closest local residence,
external radiation levels were found to be equivalent to naturally occurring background levels. Therefore,
the effective dose received by a member of the public from DOE operations is considered to be
negligible.
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2. METHODOLOGY

The external gamma and neutron radiation monitoring program is designed to provide data on external
radiation exposure from DOE operations to members of the public. The primary factor in selecting the
monitoring locations was the potential for a member of the public to be exposed to external radiation.
Secondary factors in selecting monitoring locations were accessibility and representative exposure,
potentially received by members of the public, and area monitoring for individuals passing through the
DOE site.

Environmental thermoluminescence dosimeters (TLDs) with a calcium fluoride and lithium fluoride
matrix were placed at the monitoring locations and collected and analyzed quarterly for a period of one
year. When the TLDs were collected, the next quarter’s TLDs were placed at the same locations when
possible. During the course of the year, one TLD was discovered to be missing from its location. This
most likely is the result of vandalism or wildlife activity. When a TLD is reported missing multiple times,
a new location is sought within the same area that is better hidden from normal view. The dosimeter at
location TLD-92 was found to be missing during the first quarter. Results were estimated using the
average of three quarters of deep dose exposure per day. A map of the locations is provided in Appendix
A, and the monitoring locations are described in Appendix B. Locations TLD-22, TLD-54, TLD-85,
TLD-86, TLD-87, TLD-88, TLD-89, TLD-90, TLD-91, TLD-92, TLD-93, TLD-94, and TLD-95 are
considered to be background locations (i.e., locations presumably unaffected by PGDP operations or other
site-specific radiation sources).

Environmental gamma Model 110 TLDs were received from Mirion Technologies of Irvine, CA,
beginning in January 2016. In January 2016, OSL dosimeters were received from Landauer to monitor for
neutron radiation. TLDs were kept in their individual, flexible protective packaging and placed in wide
mouth, plastic sample bottles when deployed to the monitoring location. A lid is screwed on each bottle,
and a nylon wire tie was wound around each bottle (under the lid) to secure it to a fence or other fixed
structure. The plastic packaging and sample bottle provide a sturdy weather-resistant package that does
not significantly attenuate gamma radiation (i.e., induce a negative bias on the measurement).

One TLD per quarterly sampling event was designated as a field blank and was carried to all monitoring
locations during placement and collection of the TLDs. One control TLD (i.e., trip blank TLD) was
retained in the sampling field office and then used as a transit blank accompanying the TLDs when they
were shipped off-site for analysis. A total of 64 gamma TLDs and 7 neutron TLDs/OSLs representing 65
locations each quarter, including background locations, was placed, as described in the entry tables in
Appendix B. In most cases, the TLDs were secured at a height of approximately 3—4 ft above ground.

Coordinates for monitoring locations were determined using a differential global positioning system and
data were entered into the Paducah Site geographic information system. No dosimeters were placed in
radiologically contaminated areas.

Appendix A contains a map of the sample locations. The dosimeters were placed, collected, and shipped
for analysis on the dates indicated in Appendix B. Based on process knowledge from historical surveys
and the siting of dosimeters outside the bounds of radiological contamination areas, the dosimeters are
non-contaminated and non-regulated for the purposes of handling and shipping (i.e., contamination levels
are below DOE release criteria and U.S. Department of Transportation levels for regulated materials).
Analytical results are found in Appendix C.
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3. RESULTS

Complete laboratory analysis reports for each quarter are included in Appendix C.

3.1 FIRST QUARTER RESULTS

The gamma radiation dose time for the first quarter of CY 2016 was approximately 90 days. Sample
results ranged from 14-666 mrem. The background samples ranged from 18-23 mrem. The mean
background dose was 20 mrem.

The field blank measured dose of 11 mrem and the trip blank a dose of 13 mrem. These readings were
indistinguishable from background, likely due to shielding provided by the office building where they
were kept. Table 1 identifies locations with annual gamma doses above background.

Table 1. Locations with Annual Gamma Doses
above Background for the 1st Quarter

Location Effective Dose
TLD-1 199
TLD-2 252
TLD-5 22
TLD-7 23

TLD-13 22

TLD-16 22

TLD-25 24

TLD-35 23

TLD-40 24

TLD-50 40

TLD-53 97

TLD-60 289

TLD-61 666

TLD-70 36

TLD-71 24

TLD-76 21

TLD-77 21

TLD-78 22

TLD-81 108

TLD-82 25

TLD-83 55

There were no locations with positive neutron doses for the first quarter.

The gamma dosimeter locations with statistically significant values are located at or in close proximity to
the PGDP security fence that is in adjacent to DOE uranium hexafluoride (UFg) cylinder storage yards.



3.2 SECOND QUARTER RESULTS

The gamma radiation dose time for the second quarter of CY 2016 was approximately 97 days. Sample
results ranged from 16-691 mrem. The background samples ranged from 20-25 mrem. The mean

background dose was 22 mrem.

The field blank measured dose of 15 mrem and the transit blank a dose of 14 mrem. These readings were
indistinguishable from background, likely due to shielding provided by the office building where they
were kept. Table 2 identifies locations with annual gamma doses above background.

Table 2. Locations with Annual Gamma Doses
above Background for the 2nd Quarter

Location Effective Dose
TLD-1 187
TLD-2 252
TLD-7 24

TLD-16 23

TLD-19 25

TLD-25 27

TLD-30 23

TLD-35 27

TLD-37 23

TLD-40 27

TLD-50 43

TLD-53 98

TLD-60 327

TLD-61 691

TLD-70 36

TLD-71 26

TLD-74 24

TLD-75 24

TLD-78 23

TLD-81 75

TLD-82 28

TLD-83 61

There were no locations with positive neutron doses for the second quarter.

These gamma dosimeter locations with statistically significant values are located at or in close proximity

to the PGDP security fence that is adjacent to DOE UF; cylinder storage yards.




3.3 THIRD QUARTER RESULTS

The gamma radiation dose time for the third quarter of CY 2016 was approximately 91 days. Sample
results ranged from 15-718 mrem. The background samples ranged from 17-23 mrem. The mean
background dose was 20 mrem.

The field blank measured dose of 13 mrem and the transit blank a dose of 13 mrem. These readings were
indistinguishable from background, likely due to shielding provided by the office building where they
were kept. Table 3 identifies locations with annual gamma doses above background.

Table 3. Locations with Annual Gamma Doses
above Background for the 3rd Quarter

Location Effective Dose
TLD-1 213
TLD-2 254
TLD-7 25

TLD-16 24

TLD-19 23

TLD-25 30
TLD-35 23
TLD-38 23
TLD-40 22
TLD-50 43
TLD-53 102
TLD-60 317
TLD-61 718
TLD-66 22
TLD-70 41
TLD-71 24
TLD-72 21
TLD-74 22
TLD-78 22
TLD-81 68
TLD-82 25
TLD-83 49

There were no locations with positive neutron doses for the third quarter.

These gamma dosimeter locations with statistically significant values are located at or in close proximity
to the PGDP security fence that is adjacent to DOE UF; cylinder storage yards.



3.4 FOURTH QUARTER RESULTS

The gamma radiation dose time for the fourth quarter of CY 2016 was approximately 91 days. Sample
results ranged from18-737 mrem. The background samples ranged from 21-27 mrem. The mean
background dose was 24 mrem.

The field blank measured dose of 14 mrem, and the transit blank a dose of 14 mrem. These readings were
indistinguishable from background, likely due to shielding by the office building where they were kept.
Table 4 identifies locations with annual gamma doses above background.

Table 4. Locations with Annual Gamma Doses
above Background for the 4th Quarter

Location Effective Dose
TLD-1 217
TLD-2 300
TLD-3 26
TLD-7 30

TLD-13 25
TLD-16 25
TLD-25 32
TLD-40 31
TLD-50 50
TLD-53 117
TLD-60 343
TLD-61 737
TLD-68 26
TLD-70 46
TLD-71 30
TLD-74 28
TLD-78 26
TLD-81 84
TLD-82 26
TLD-83 56

There were no locations with positive neutron doses for the 4th quarter..

These gamma locations with statistically significant values are located at or in close proximity to the
PGDP security fence that is adjacent to DOE UFg cylinder storage yards.

3.5 ANNUALIZED RESULTS

Annual gamma dose rates for CY 2016 for the locations were calculated. Dose results for all four quarters

were summed for each location and adjusted (annualized) to account for the number of days in the field,
varying from 365 (see Appendix D). The adjustment was calculated by adding the four quarters’ results



and multiplying the sum by 365, divided by the actual total days TLDs were in the field. The mean annual
background E was determined to be 85 mrem. The mean background was subtracted from the annualized
E to obtain a net annual E, attributed to PGDP operations for CY 2016, for each location.

To determine those data points that were statistically above background, the standard deviation of the
background measurements was calculated using a normal distribution, yielding a result of 4.52 mrem.
Results greater than three standard deviations from the mean background measurement (i.e., 98 mrem) are
considered to be above background with 99.7% confidence. Due to the significance of these
measurements, a high level of confidence has historically been applied to these statistical calculations in
order to ensure doses to the public from plant related activities are accurately reported and to reduce the
potential for reporting of “false positives”. Locations with TED in excess of the mean background at
99.7% confidence were TLD-1, TLD-2, TLD-7, TLD-25, TLD-40, TLD-50, TLD-53, TLD-60, TLD-61,
TLD-70, TLD-71, TLD-81, TLD-82, and TLD-83. These locations are in proximity to DOE UFg cylinder
storage yards.

Table 5 presents the gamma dosimeter locations where the annualized total dose (mrem) was found to
exceed the background with 99.7% confidence. Annual total dose is based on 24 hours per day/365 days
per year.

Table 5. Gamma TLD Locations with Results above Background

. . Mean Background Average
Location Ann[l;allzed Effective Plus Three S%andard Backgro%nd Net Annual
ose (mrem) Deviati Dose (mrem)
eviations (mrem) (mrem)
TLD-1 807 98 85 722
TLD-2 1047 98 85 962
TLD-7 101 98 85 16
TLD-25 112 98 85 27
TLD-40 103 98 85 18
TLD-50 174 98 85 89
TLD-53 410 98 85 325
TLD-60 1266 98 85 1181
TLD-61 2789 98 85 2704
TLD-70 157 98 85 72
TLD-71 103 98 85 18
TLD-81 331 98 85 246
TLD-82 103 98 85 18
TLD-83 219 98 85 134

NOTE: For purposes of this report, all dose measurements at these locations are assumed to result from DOE operations.

3.6 ANNUALIZED RESULTS FOR 2015 COMPARED TO 2016

Table 6 presents the results of a comparison between the annualized total gamma dose results for
CY 2015 and for CY 2016. No new locations were added or discontinued in 2016. The locations with E in
excess of background were mainly consistent between 2015 and 2016. No areas previously identified with
elevated dose rates in 2015 had decreased dose rates below background in 2016. Two areas with dose
rates below background in 2015 had elevated dose rates at a statistically significant level in 2016.
Twenty-two locations remained statistically consistent (£ 5%) between 2015 and 2016. Radiation dose
rates are subject to change as a result of plant operations such as UFg relocation. UFs cylinder yard
operations were affected by shutdown of the DUFs plant in 2016. This likely is the result of decreased



readings. The DUFs plant operation resumed; next year, an increase of dose over 2016 results is
expected.

Table 6. Effective Annual Gamma Dose of Common Monitoring
Locations for CY 2015 and CY 2016

2015 Annualized 2016 Annualized
Eggﬂgﬂ Effective Dose Effective Dose '?ﬁgﬁsfoi[—, ItDc;eZBelaese % Difference
(mrem) (mrem)
TLD-1 781 807 26 3.22
TLD-2 1048 1047 -1 -0.10
TLD-3 88 83 -5 -6.02
TLD-4 86 80 -6 -7.50
TLD-5 92 87 -5 -5.75
TLD-6 81 74 -7 -9.46
TLD-7 114 101 -13 -12.87
TLD-9 77 74 -3 -4.05
TLD-12 75 71 -4 -5.63
TLD-13 94 88 -6 -6.82
TLD-14 74 77 3 3.90
TLD-15 73 69 -4 -5.80
TLD-16 98 93 -5 -5.38
TLD-19 90 90 0 0.00
TLD-25 116 112 -4 -3.57
TLD-30 83 81 -2 -2.47
TLD-35 105 94 -11 -11.70
TLD-37 83 84 1 1.19
TLD-38 84 85 1 1.18
TLD-40 103 103 0 0.00
TLD-46 80 75 -5 -6.67
TLD-50 182 174 -8 -4.60
TLD-52 82 71 -11 -15.49
TLD-53 396 410 14 341
TLD-58 68 65 -3 -4.62
TLD-59 72 67 -5 -7.46
TLD-60 1276 1266 -10 -0.79
TLD-61 2460 2789 329 11.80
TLD-62 77 67 -10 -14.93
TLD-63 71 65 -6 -9.23
TLD-64 75 69 -6 -8.70
TLD-65 72 69 -3 -4.35
TLD-66 87 82 -5 -6.10
TLD-67 86 83 -3 -3.61
TLD-68 87 84 -3 -3.57
TLD-69 76 70 -6 -8.57
TLD-70 181 157 -24 -15.29
TLD-71 158 103 -55 -53.40
TLD-72 88 82 -6 -7.32
TLD-73 78 73 -5 -6.85
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Table 6. Total Annual Gamma Dose of Common Monitoring
Locations for CY 2015 and CY 2016 (Continued)

Common 2015 Ar_mualized 2016 Ar_mualized Increase or Decrease .

. Effective Dose Effective Dose % Difference
Location from 2015 to 2016

(mrem) (mrem)

TLD-74 95 93 -2 -2.15
TLD-75 88 86 -2 -2.33
TLD-76 86 83 -3 -3.61
TLD-77 82 84 2 2.38
TLD-78 90 92 2 2.17
TLD-79 82 73 -9 -12.33
TLD-80 84 77 -7 -9.09
TLD-81 424 331 -93 -28.09
TLD-82 109 103 -6 -5.83
TLD-83 243 219 -24 -10.96
TLD-84 75 71 -4 -5.63

NOTE: The locations that are bolded are where the annualized total mrem was above the maximum background with 99%
confidence.

11
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4. ANALYSIS

Effective dose is a calculated quantity, expressed in rem, developed by the International Commission on
Radiation Protection (ICRP) for purposes of radiation protection. The E is assumed to be related to the
risk of a radiation-induced cancer or a severe hereditary effect. It takes into account (1) the absorbed
doses that will be delivered to the separate organs or tissues of the body during the lifetime of an
individual due to intakes of radioactive materials; (2) the absorbed doses due to irradiation by external
sources; (3) the relative effectiveness of different radiation types in inducing cancers or severe hereditary
effects; (4) the susceptibility of individual organs to develop a radiation-related cancer or severe
hereditary effect; (5) considerations of the relative importance of fatal and non-fatal effects; and, (6) the
average years of life lost from a fatal health effect. Thus, the E is a quantity calculated by multiplying the
equivalent dose received by every significantly irradiated tissue in the body by a respective tissue
weighting factor (this factor reflects the risk of radiation-induced cancer to that tissue) and summing
together the individual tissue results to obtain the effective dose. Such a dose, in theory, carries with it the
same risk of cancer as would an equal equivalent dose delivered uniformly to the whole body (Health
Physics Society, PS-005, 2009). The TLDs used are designed to measure the dose due to external gamma
radiation or neutron radiation. The vendors use industry standard conversions to calculate the E received
from the external exposure. As such, the results from the analysis of the TLDs are presented in units of E
(mrem). DOE’s limiting values for members of the public are in units of TED (DOE Order 458.1).

Table 7 provides calculated values of E rate in mrem/hour for those locations with results statistically
above background based on the net annual gamma doses determined and reported in Table 5.

Table 7. Net Annual Gamma Effective Doses

L ocation Net Annual Effective Net Dose Rate

Doses (mrem) (mrem/hour)
TLD-1 722 0.082
TLD-2 962 0.110
TLD-7 16 0.002
TLD-25 27 0.003
TLD-40 18 0,002
TLD-50 89 0010
TLD-53 325 0.037
TLD-60 1181 0.135
TLD-61 2704 0.309
TLD-70 72 0.008
TLD-71 18 0,002
TLD-81 246 0.028
TLD-82 18 0.002
TLD-83 134 0.015
Avg. = 0.053

Table 8 provides calculated values of equivalent dose in mrem/hour for annual neutron doses as
determined by neutron monitoring locations and data reported in Appendix E.

13



Table 8. Neutron Effective Doses

Location Annual Neutron Neutron Dose Rate
Effective Dose (mrem) (mrem/hour)

TLD-2 0 0.000
TLD-3 0 0.000
TLD-50 0 0.000
TLD-65 0 0.000
TLD-68 0 0.000
TLD-81 0 0.000
TLD-83 0 0.000
Avg = 0.000

Historic surveys of the plant perimeter fence indicate that the TLDs are located in the areas where the
maximum doses are likely to occur. Since the fall of 2001, security controls have been in place to restrict
public access the DOE Reservation. While controls have relaxed somewhat, provisions remain in place to
prohibit regular public access to areas adjacent to the security fence. As such, the locations listed in
Table 7 and Table 8 were not accessible regularly to the public in CY 2016. The external radiation
exposures at the locations not listed in Table 7, although accessible to the public, were not above
background with 99.7% confidence. The DOE contribution of E from plant-derived gamma and neutron
radiation that a member of the public received visiting or passing through accessible portions of the DOE
Reservation (outside the PGDP security fence) was calculated by taking the average of the net gamma
exposure rates in Table 7 plus average neutron exposure in Table 8 multiplied by an occupancy factor of
80 hours per year for an outdoor site visitor. An outdoor site visitor would receive 4.24 mrem
(0.053 mrem/hour x 80 hours) a year worst case, which is well below the 100 mrem limit for CY 2016.

Historically, the two locations with the highest measured exposures (TLD-1 and TLD-2) are
approximately 1,800 and 600 ft, respectively, from the nearest locations off the DOE property boundary.
TLD-1 and TLD-2 both are in close proximity to the PGDP security perimeter fence in the vicinity of UFg
cylinder storage yards. The nearest off-reservation measurement locations are found within land owned
by the Commonwealth of Kentucky and are designated as part of the West Kentucky Wildlife
Management Area (WKWMA). No residences or businesses are located in the WKWMA. The nearest
private residences to TLD-1 and TLD-2 are approximately 6,500 and 5,500 ft away, respectively.

In CY 2009, security restrictions were eased to allow regular public access to Harmony Cemetery located
at TLD-14. The annual dose to a member of public visiting the cemetery at TLD-14 was statistically
equivalent to the average background in CY 2016. While this location is located physically closer to the
plant than the residences described above, the time spent annually at the cemetery is much less than is
postulated for a resident; therefore, for purposes of calculation, the maximally exposed member of the
general public continues to reside at these residences. The measurement locations that are closer to TLD-1
and TLD-2 than the nearest residents did not yield external radiation exposures that were statistically
different from background. As the dose is inversely proportional to the distance from the source, the E to
the maximally exposed individual at the two public residences nearest TLD-1 and TLD-2 also is not
different from background.

14



5. CONCLUSIONS

The public does not have regular access to the PGDP boundary fence; therefore, the radiation doses
measured at the fence are not applicable to members of the public. Calculation of a worst case dose,
assuming that a member of the public spends 80 hours at the location of highest measured dose along the
security fence, determined that a dose of 4 mrem would be received. This is 25 times less than the DOE
public dose limit of 100 mrem/yr. Due to the PGDP security protocols, no members of the public
regularly access areas adjacent to the security fence. The external radiation doses measured by TLDs in
areas accessible to the public were not statistically above background; therefore, the E potentially
received by a member of the public passing through accessible portions of the DOE Reservation would
receive 4 mrem a year in a worst case scenario. In 2016, TLD-14 and TLD-40 represented the closest
locations that would be accessible to the public. TLD-14 is near Harmony Cemetery, located north of the
plant security fence and south of Ogden Landing Road. Measurements at this location indicated external
radiation doses statistically equivalent to background radiation level. In 2016, TLD-40 located on the
DOE Reservation boundary within the DOE leased WKWMA area off of Dyke Road indicated external
radiation dose measured to be slightly above background levels. The maximally exposed individual at the
private residences also was calculated to be at background levels. Based on the results of the gamma and
neutron radiation dose measurements made during CY 2016, the ED to the maximally exposed individual
member of the public from DOE operations was below the applicable DOE limit of 100 mrem within a
year, in accordance with DOE Order 458.1.

15
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APPENDIX A

MAP OF MONITORING LOCATIONS
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APPENDIX B

TLD PLACEMENT AND COLLECTION
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APPENDIX C

TLD ANALYTICAL DATA
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APPENDIX D

ENVIRONMENTAL TLD DATA
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Quarter 1

Normalized

Quarter 2

Normalized

Quarter 3

Normalized

Quarter 4

Net Annualized

TLD Location Effective Does N TLD Location Effective Does N TLD Location Effective Does N TLD Location Effective Does Normalized Effective Total Monitored Total Exposure  Annualized Effective N Net Annualized  Net Annualized
TLD Number Start End Exposure Days Effective Start End Exposure Days Effective Start End Exposure Days Effective Start End Exposure Days N Effective Does Comments
Number (mrem) Number (mrem) Number (mrem) Number (mrem) Dose/day Effecitve Dose (mrem) Days Dose (mrem) mrem/day mrem/hr
Dose/day Dose/day Dose/day (mrem)
1 1 1/6/2016 4/5/2016 90 199 2.21 1 4/5/2016  7/11/2016 97 187 193 1 7/11/2016  10/10/2016 91 213 2.34 1 10/10/2016  1/9/2017 91 217 2.38 816 369 807 722 1.979 0.082
2 2 1/6/2016 4/5/2016 90 252 2.80 2 4/5/2016  7/12/2016 98 252 2.57 2 7/12/2016 10/10/2016 90 254 2.82 2 10/10/2016  1/9/2017 91 300 3.30 1058 369 1047 962 2.634 0.110
3 3 1/6/2016 4/5/2016 90 18 0.20 3 4/5/2016  7/11/2016 97 20 0.21 3 7/11/2016  10/10/2016 91 20 0.22 3 10/10/2016  1/9/2017 91 26 0.29 84 369 83 -2 -0.005 0.000
4 4 1/7/2016 4/5/2016 89 19 021 4 4/5/2016  7/11/2016 97 20 0.21 4 7/11/2016 10/10/2016 91 19 021 4 10/10/2016  1/9/2017 91 23 0.25 81 368 80 -5 -0.013 -0.001
5 5 1/7/2016 4/5/2016 89 22 0.25 5 4/5/2016  7/11/2016 97 22 0.23 5 7/11/2016 10/10/2016 91 20 0.22 5 10/10/2016  1/9/2017 91 24 0.26 88 368 87 2 0.006 0.000
6 6 1/6/2016 4/5/2016 90 19 0.21 6 4/5/2016  7/11/2016 97 18 0.19 6 7/11/2016 10/10/2016 91 16 0.18 6 10/10/2016  1/9/2017 91 22 0.24 75 369 74 -11 -0.030 -0.001
7 7 1/6/2016 4/5/2016 90 23 0.26 7 4/5/2016  7/11/2016 97 24 0.25 7 7/11/2016 10/10/2016 91 25 0.27 7 10/10/2016  1/9/2017 91 30 033 102 369 101 16 0.044 0.002
8 9 1/6/2016 4/5/2016 90 16 0.18 9 4/5/2016  7/11/2016 97 19 0.20 9 7/11/2016 10/10/2016 91 18 0.20 9 10/10/2016  1/9/2017 91 22 0.24 75 369 74 -11 -0.030 -0.001
9 12 1/6/2016 4/5/2016 90 16 0.18 12 4/5/2016  7/11/2016 97 18 0.19 12 7/11/2016 10/10/2016 91 17 0.19 12 10/10/2016  1/9/2017 91 21 0.23 72 369 71 -14 -0.038 -0.002
10 13 1/6/2016 4/5/2016 90 22 0.24 13 4/5/2016  7/11/2016 97 22 0.23 13 7/11/2016 10/10/2016 91 20 0.22 13 10/10/2016  1/9/2017 91 25 0.27 89 369 88 3 0.008 0.000
11 14 1/6/2016 4/5/2016 90 19 0.21 14 4/5/2016  7/11/2016 97 21 0.22 14 7/11/2016 10/10/2016 91 17 0.19 14 10/10/2016  1/9/2017 91 21 0.23 78 369 77 -8 -0.021 -0.001
12 15 1/6/2016 4/5/2016 90 16 0.18 15 4/5/2016  7/11/2016 97 17 0.18 15 7/11/2016 10/10/2016 91 16 0.18 15 10/10/2016  1/9/2017 91 21 0.23 70 369 69 -16 -0.043 -0.002
13 16 1/6/2016 4/5/2016 90 22 0.24 16 4/5/2016  7/11/2016 97 23 0.24 16 7/11/2016 10/10/2016 91 24 0.26 16 10/10/2016  1/9/2017 91 25 0.27 94 369 93 8 0.022 0.001
14 19 1/6/2016 4/5/2016 90 19 0.21 19 4/5/2016  7/11/2016 97 25 0.26 19 7/11/2016 10/10/2016 91 23 0.25 19 10/10/2016  1/9/2017 91 24 0.26 91 369 90 5 0.014 0.001
15 22 1/7/2016 4/5/2016 89 19 0.25 22 4/5/2016  7/11/2016 97 21 0.22 22 7/11/2016 10/10/2016 91 19 0.21 22 10/10/2016  1/9/2017 91 26 0.29 85 368 84 -1 -0.002 0.000
16 25 1/6/2016 4/5/2016 90 24 0.27 25 4/5/2016  7/11/2016 97 27 0.28 25 7/11/2016  10/10/2016 91 30 033 25 10/10/2016  1/9/2017 91 32 035 113 369 112 27 0.073 0.003
17 30 1/6/2016 4/5/2016 90 18 0.20 30 4/5/2016  7/11/2016 97 23 0.24 30 7/11/2016 10/10/2016 91 19 0.22 30 10/10/2016  1/9/2017 91 22 0.24 82 369 81 -4 -0.011 0.000
18 35 1/6/2016 4/5/2016 90 23 0.26 35 4/5/2016  7/11/2016 97 27 0.28 35 7/11/2016 10/10/2016 91 23 0.25 35 10/10/2016  1/9/2017 91 22 0.24 95 369 94 9 0.025 0.001
19 37 1/6/2016 4/5/2016 90 19 021 37 4/5/2016  7/11/2016 97 23 0.24 37 7/11/2016 10/10/2016 91 19 0.21 37 10/10/2016  1/9/2017 91 24 0.26 85 369 84 -1 -0.003 0.000
20 38 1/6/2016 4/5/2016 90 19 0.21 38 4/5/2016  7/11/2016 97 22 0.23 38 7/11/2016 10/10/2016 91 23 0.25 38 10/10/2016  1/9/2017 91 22 0.24 86 369 85 0 0.000 0.000
21 40 1/6/2016 4/5/2016 90 24 0.27 40 4/5/2016  7/11/2016 97 27 0.28 40 7/11/2016 10/10/2016 91 22 0.24 40 10/10/2016  1/9/2017 91 31 0.34 104 369 103 18 0.049 0.002
22 46 1/6/2016 4/5/2016 90 18 0.20 46 4/5/2016  7/11/2016 97 19 0.20 46 7/11/2016 10/10/2016 91 18 0.20 46 10/10/2016  1/9/2017 91 21 0.23 76 369 75 -10 -0.027 -0.001
23 50 1/6/2016 4/5/2016 90 40 0.44 50 4/5/2016  7/11/2016 97 43 0.44 50 7/11/2016 10/10/2016 91 43 0.47 50 10/10/2016  1/9/2017 91 50 0.55 176 369 174 89 0.244 0.010
24 52 1/6/2016 4/5/2016 90 17 0.19 52 4/5/2016  7/11/2016 97 18 0.19 52 7/11/2016 10/10/2016 91 17 0.19 52 10/10/2016  1/9/2017 91 20 0.22 72 369 71 -14 -0.038 -0.002
25 53 1/6/2016 4/5/2016 90 97 1.08 53 4/5/2016  7/12/2016 98 98 1.00 53 7/12/2016 10/10/2016 90 102 113 53 10/10/2016  1/9/2017 91 117 1.29 414 369 410 325 0.889 0.037
26 54 1/8/2016 4/8/2016 91 22 0.24 54 4/8/2016  7/12/2016 95 24 0.25 54 7/12/2016  10/12/2016 92 20 0.22 54 10/12/2016  1/9/2017 89 27 0.30 93 367 92 7 0.021 0.001
28 58 1/6/2016 4/5/2016 90 15 0.17 58 4/5/2016  7/11/2016 97 17 0.18 58 7/11/2016 10/10/2016 91 15 0.16 58 10/10/2016  1/9/2017 91 19 0.21 66 369 65 -20 -0.054 -0.002
29 59 1/7/2016 4/6/2016 90 15 0.17 59 4/6/2016  7/12/2016 97 17 0.18 59 7/12/2016 10/11/2016 91 17 0.19 59 10/11/2016  1/9/2017 920 19 0.21 68 368 67 -18 -0.048 -0.002
30 60 1/7/2016 4/5/2016 89 289 3.25 60 4/5/2016  7/11/2016 97 327 3.37 60 7/11/2016 10/11/2016 92 317 3.45 60 10/11/2016  1/9/2017 90 343 3.81 1276 368 1266 1181 3.235 0.135
31 61 1/7/2016 4/5/2016 89 666 7.48 61 4/5/2016  7/11/2016 97 691 7.12 61 7/11/2016 10/11/2016 92 718 7.80 61 10/11/2016  1/9/2017 90 737 8.19 2812 368 2789 2704 7.408 0.309
32 62 1/7/2016 4/5/2016 89 16 0.18 62 4/5/2016  7/11/2016 97 16 0.16 62 7/11/2016 10/10/2016 91 16 0.18 62 10/10/2016  1/9/2017 91 20 0.22 68 368 67 -18 -0.048 -0.002
33 63 1/7/2016 4/5/2016 89 14 0.16 63 4/5/2016  7/11/2016 97 18 0.19 63 7/11/2016 10/11/2016 92 16 0.17 63 10/11/2016  1/9/2017 90 18 0.20 66 368 65 -20 -0.054 -0.002
34 64 1/7/2016 4/5/2016 89 16 0.18 64 4/5/2016  7/11/2016 97 18 0.19 64 7/11/2016 10/10/2016 91 18 0.20 64 10/10/2016  1/9/2017 91 18 0.20 70 368 69 -16 -0.043 -0.002
35 65 1/6/2016 4/5/2016 920 17 0.19 65 4/5/2016  7/11/2016 97 18 0.19 65 7/11/2016 10/10/2016 91 16 0.18 65 10/10/2016  1/9/2017 91 19 0.21 70 369 69 -16 -0.043 -0.002
36 66 1/6/2016 4/5/2016 920 18 0.20 66 4/5/2016  7/11/2016 97 21 0.22 66 7/11/2016 10/10/2016 91 22 0.24 66 10/10/2016  1/9/2017 91 22 0.24 83 369 82 -3 -0.008 0.000
37 67 1/6/2016 4/5/2016 el 18 0.20 67 4/5/2016  7/11/2016 97 22 0.23 67 7/11/2016 10/10/2016 91 20 0.22 67 10/10/2016  1/9/2017 91 24 0.26 84 369 83 -2 -0.005 0.000
38 68 1/6/2016 4/5/2016 920 19 0.21 68 4/5/2016  7/11/2016 97 21 0.22 68 7/11/2016 10/10/2016 91 19 0.21 68 10/10/2016  1/9/2017 91 26 0.29 85 369 84 -1 -0.003 0.000
39 69 1/6/2016 4/5/2016 90 16 0.18 69 4/5/2016  7/11/2016 97 16 0.16 69 7/11/2016 10/10/2016 91 17 0.19 69 10/10/2016  1/9/2017 91 22 0.24 71 369 70 -15 -0.040 -0.002
40 70 1/6/2016 4/5/2016 90 36 0.40 70 4/5/2016  7/11/2016 97 36 0.37 70 7/11/2016 10/10/2016 91 41 0.45 70 10/10/2016  1/9/2017 91 46 0.51 159 369 157 72 0.198 0.008
41 71 1/6/2016 4/5/2016 90 24 0.27 71 4/5/2016  7/11/2016 97 26 0.27 71 7/11/2016 10/10/2016 91 24 0.26 71 10/10/2016  1/9/2017 91 30 033 104 369 103 18 0.049 0.002
42 72 1/6/2016 4/5/2016 90 20 0.22 72 4/5/2016  7/11/2016 97 22 0.23 72 7/11/2016 10/10/2016 91 21 0.23 72 10/10/2016  1/9/2017 91 20 0.22 83 369 82 -3 -0.008 0.000
43 73 1/6/2016 4/5/2016 90 17 0.19 73 4/5/2016  7/11/2016 97 19 0.20 73 7/11/2016 10/10/2016 91 17 0.19 73 10/10/2016  1/9/2017 91 21 0.23 74 369 73 -12 -0.032 -0.001
44 74 1/6/2016 4/5/2016 90 20 0.22 74 4/5/2016  7/11/2016 97 24 0.25 74 7/11/2016 10/10/2016 91 22 0.24 74 10/10/2016  1/9/2017 91 28 031 94 369 93 8 0.022 0.001
45 75 1/6/2016 4/5/2016 90 20 0.22 75 4/5/2016  7/11/2016 97 24 0.25 75 7/11/2016 10/10/2016 91 19 0.21 75 10/10/2016  1/9/2017 91 24 0.26 87 369 86 1 0.003 0.000
46 76 1/6/2016 4/5/2016 90 21 0.23 76 4/5/2016  7/11/2016 97 21 0.22 76 7/11/2016 10/10/2016 91 19 021 76 10/10/2016  1/9/2017 91 23 0.25 84 369 83 -2 -0.005 0.000
47 77 1/6/2016 4/5/2016 90 21 0.23 77 4/5/2016  7/11/2016 97 22 0.23 77 7/11/2016 10/10/2016 91 19 0.21 77 10/10/2016  1/9/2017 91 23 0.25 85 369 84 -1 -0.003 0.000
48 78 1/6/2016 4/5/2016 90 22 0.24 78 4/5/2016  7/11/2016 97 23 0.24 78 7/11/2016 10/10/2016 91 22 0.24 78 10/10/2016  1/9/2017 91 26 0.29 93 369 92 7 0.019 0.001
49 79 1/6/2016 4/5/2016 90 17 0.19 79 4/5/2016  7/11/2016 97 18 0.19 79 7/11/2016 10/10/2016 91 18 0.20 79 10/10/2016  1/9/2017 91 21 0.23 74 369 73 -12 -0.032 -0.001
50 80 1/6/2016 4/5/2016 90 17 0.19 80 4/5/2016  7/11/2016 97 20 021 80 7/11/2016 10/10/2016 91 19 0.21 80 10/10/2016  1/9/2017 91 22 0.24 78 369 77 -8 -0.021 -0.001
51 81 1/6/2016 4/5/2016 90 108 1.20 81 4/5/2016  7/11/2016 97 75 0.77 81 7/11/2016 10/10/2016 91 68 0.75 81 10/10/2016  1/9/2017 91 84 0.92 335 369 331 246 0.675 0.028
52 82 1/6/2016 4/5/2016 920 25 0.28 82 4/5/2016  7/11/2016 97 28 0.29 82 7/11/2016 10/10/2016 91 25 0.27 82 10/10/2016  1/9/2017 91 26 0.29 104 369 103 18 0.049 0.002
53 83 1/6/2016 4/5/2016 920 55 0.61 83 4/5/2016  7/12/2016 98 61 0.62 83 7/12/2016 10/10/2016 90 49 0.54 83 10/10/2016  1/9/2017 91 56 0.62 221 369 219 134 0.366 0.015
54 84 1/6/2016 4/5/2016 920 17 0.19 84 4/5/2016  7/11/2016 97 18 0.19 84 7/11/2016 10/10/2016 91 16 0.18 84 10/10/2016  1/9/2017 91 21 0.23 72 369 71 -14 -0.038 -0.002
55 85 1/6/2016 4/5/2016 920 19 0.21 85 4/5/2016  7/11/2016 97 20 0.21 85 7/11/2016 10/10/2016 91 17 0.19 85 10/10/2016 ~ 1/9/2017 91 22 0.24 78 369 77 -8 -0.021 -0.001
56 86 1/6/2016 4/5/2016 920 18 0.20 86 4/5/2016  7/11/2016 97 20 0.21 86 7/11/2016 10/12/2016 93 21 0.23 86 10/12/2016  1/9/2017 89 23 0.26 82 369 81 -4 -0.011 0.000
57 87 1/6/2016 4/5/2016 920 18 0.20 87 4/5/2016  7/11/2016 97 22 0.23 87 7/11/2016 10/10/2016 91 20 0.22 87 10/10/2016  1/9/2017 91 21 0.23 81 369 80 -5 -0.013 -0.001
58 88 1/6/2016 4/5/2016 90 18 0.20 88 4/5/2016  7/11/2016 97 21 0.22 88 7/11/2016 10/10/2016 91 21 0.23 88 10/10/2016  1/9/2017 91 22 0.24 82 369 81 -4 -0.011 0.000
59 89 1/6/2016 4/5/2016 920 19 0.21 89 4/5/2016  7/11/2016 97 21 0.22 89 7/11/2016 10/10/2016 91 22 0.24 89 10/10/2016  1/9/2017 91 23 0.25 85 369 84 -1 -0.003 0.000
60 90 1/6/2016 4/5/2016 90 20 0.22 90 4/5/2016  7/11/2016 97 24 0.25 90 7/11/2016 10/10/2016 91 23 0.25 90 10/10/2016  1/9/2017 91 25 0.27 92 369 91 6 0.016 0.001
61 91 1/6/2016 4/5/2016 90 19 021 91 4/5/2016  7/11/2016 97 22 0.23 91 7/11/2016 10/10/2016 91 21 0.23 91 10/10/2016  1/9/2017 91 23 0.25 85 369 84 -1 -0.003 0.000
The 1st Qtr tld was found
missing. Estimate of Effective
Dose based on other three Qtr
62 92 1/6/2016 4/5/2016 90 23 0.26 92 4/5/2016  7/11/2016 97 24 0.25 92 7/11/2016 10/10/2016 91 21 0.23 92 10/10/2016  1/9/2017 91 24 0.26 92 369 91 6 0.016 0.001 readings
63 93 1/6/2016 4/5/2016 90 22 0.24 93 4/5/2016  7/11/2016 97 21 0.22 93 7/11/2016 10/10/2016 91 18 0.20 93 10/10/2016  1/9/2017 91 24 0.26 85 369 84 -1 -0.003 0.000
64 94 1/6/2016 4/5/2016 90 20 0.22 94 4/5/2016  7/11/2016 97 23 0.24 94 7/11/2016 10/10/2016 91 19 021 94 10/10/2016  1/9/2017 91 24 0.26 86 369 85 0 0.000 0.000
65 95 1/6/2016 4/5/2016 90 20 0.22 95 4/5/2016  7/11/2016 97 25 0.26 95 7/11/2016 10/10/2016 91 18 0.20 95 10/10/2016  1/9/2017 91 23 0.25 86 369 85 0 0.000 0.000
66 FB 1/7/2016 4/6/2016 90 11 0.12 FB 4/6/2016  7/12/2016 97 15 0.15 FB 7/12/2016 10/11/2016 91 13 0.14 FB 10/11/2016  1/9/2017 920 14 0.16 53 368 53 -32 -0.089 -0.004
67 T8 1/6/2016 4/5/2016 90 13 0.14 T8 4/5/2016  7/11/2016 97 14 0.14 B 7/11/2016 10/10/2016 91 13 0.14 T8 10/10/2016  1/9/2017 91 14 0.15 54 369 53 -32 -0.087 -0.004
Background Annualized
Locations Effective Dose
22 84.31
54 92.49
85 77.15
86 81.11
87 80.12
88 81.11
89 84.08
90 91.00
91 84.08
92 91.00
93 84.08
94 85.07
95 85.07
Average Bkg DDE 84.67
3 sigma 13.57
Lower Range 71.10
Upper Range 98.23
Standard Deviation 4.52
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APPENDIX E

NEUTRON AREA DOSIMETER DATA
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